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This invention reiates generally to we.lbore casings, and in particular to we.lbore 
casmgs that are formed using expandable tubing. 

Background of the Invention 

bo^rr a " y ' " hen a weiibore is crea,ed ' a ^ ° f -*» - in 
di;t :rr n ; ^ * me " " a " and * — «— «*. 

T r h T " ^ °' " Uid fTOm *" fo ™ alta ■* «» borehole 

«*r diameter ,r,an the casing o, fne upper Wera , Thus . the ^ are , f 
*d arrangement * casing diameters decreasing , ^ * 

annu a,a provided between the outer surfaces „, „, ^ ™ 

ea , e cas,ngs from ,be borehote wa, Aa a consequence of this nested a™", 

z tz „ r :r hoie diame,er * raquired ai - - ~r 

a large borahota d,ame,er involves increased costs due ,o heavy casing handling 
... «wn«. large « a* and increased volumes o, driiling J and dr ^ 
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The present invention is directed to overcoming one or mora of the .imitations of 
the ax,st,ng procedures for fom™, welfbores and wellheads. 

Summary of the Invention 
According to a first aspect of the present invention there is provided a method of 
coup, ( n gar adia„ y expan d a bte tubular m^.p^^™^* 
Posting the tubu.ar member within the preexisting structure- * 
mjectrng fluidic materials into the tubular member- 
3° sensing the operating pressure of the fluidic materials- 

predetermined amount; and 



expansion device when .he sensed operas pressure exceeds 

aTOU p ref e,a Wy . me expansion device comprises a .uhula, expansion cone. 

.^expansion dev.ce when ,he sensed opera,in 9 pressure exceeds 
predetermined amount comprises: displacing the 



deViCe: „. onH ni^ticallv deforming the tubular member using 

wherein radially expand.ng and plasty deform g determined 
25 the expansion device when the sensed operat.ng pressure exceeds P 

amount comprises: mamh ~ r riefined between the shoe 

p— an ,n,erior porton o, - -"^ ^ ^ ^ member . 
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Preferably, the method further comprises removing the shoe from the interior of 
the tubular member by lifting the shoe using the expansion device. 

Preferably, the tubular member comprises a wellbore casing, a pipeline or a 
structural support. 

According to a second aspect of the present invention there is provided a system 
for couphng a radially expandabte tubular ember to a preexisting structure, comprising- 
means for positioning the tubular member within the preexisting structure- 
means for injecting fluidic materials into the tubular member; 
means for sensing the operating pressure of the fluidic materials; 
means for radia.ly expanding the tubular member into contact with the preexisting 
structure when the sensed operating pressure exceeds a predetermined amount and 
means for radially expanding and plastically deforming the tubular member using 
an expansion device when the sensed operating pressure exceeds the predetermined 
amount. 

Preferably, the system further comprises a tubular support member including a 
first passage; 3 

wherein the expansion device comprises: 

a tubular expansion cone coupled to the tubular support member defining a 
second passage and including an internal flange; 

wherein the means for radially expanding and plastically deforming the tubu.ar 
member using an expansion device when the sensed operating pressure exceeds the 
predetermined amount comprises: 

a tubular shoe movably received within the second passage of the tubular 
expansion cone defining one or more radial passages and a valveable passage fluidicly 

IgTalT " ^ inClU<i ' n9 a " ^ " a " 9e * ' h ~ 

Passag" ~ ^ C °™° ~ — «- 

wherein an expandable tubular member is movably coupled ,„ the tubular 
expansion cone. 

Preferably, the expansion device comprises a tubular expansion cone 
Preferably, the means for sensing the operating pressure includes- 
means for sensing the operating pressure of the fluidic materia.s within the 
tubular member. 



Preferably, the means for radially expanding and plastically deforming the tubular 
member using an expansion device when the sensed operating pressure exceeds the 
predetermined amount comprises: 

means for radially expanding and plastically deforming the tubular member by 
5 displacing the expansion device in the longitudinal direction relative to the tubular 
member when the sensed operating pressure exceeds the predetermined amount. 

Preferably, the system further comprises a support member to wh.ch the 
expansion device is movably coupled 

wherein the expansion device comprises: 
10 one or more expansion surfaces adapted to be displaced in the longitudinal 

direction relative to the support member for engaging and radially expanding and 
plastically deforming the expandable tubular member; 

wherein the means for radially expanding and plastically deforming the tubular 
member using the expansion device when the sensed operating pressure exceeds the 
,15 predetermined amount comprises: 

one or more pressure sensing elements coupled to the expansion surfaces; and 
' ' * wherein the one or more pressure sensing elements control the longitudinal 

' • displacement of 

the expansion surfaces as a function of the sensed operating pressure withm the 

' 20 expandable tubular member. 

;, Preferably, the system further comprises means for movably coupling a tubular 
shoe to the expansion device. 

Preferably, the system further comprises 

an end of a tapered tubular member coupled to an end of the expandable tubular 
25 member, 

an end of another tubular member coupled to another end of the tapered tubular 

member; 

a tubular support member; 

wherein the expansion device comprises a tubular expansion cone; 
30 wherein an end of the tubular expansion cone is coupled to an end of the tubular 

support member and positioned within the tapered tubular member, wherein another 
end of the tubular expansion cone comprises an internal flange; and 
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wherein the means for radially expanding and plastically deforming the tubular 
member using the expansion device when the sensed operating pressure exceeds the 
predetermined amount comprises: 

an end of a tubular shoe defining a valveable longitudinal passage and one or 
more radial passages supported by the end of the other tubular member, wherein 
another end of the tubular shoe comprises an external flange; and 

one or more burst discs coupled to and positioned within each of the radial 
passages. 

Preferably, the system further comprises means for coupling a shoe to an end of 
the tubular member; 

means for positioning the expansion device within the tubular member; and 
means for removing the shoe from the interior of the tubular member using the 
expansion device; 

wherein the means for radially expanding and plastically deforming the tubular 
member using the expansion device when the sensed operating pressure exceeds the 
predetermined amount comprises: 

means for pressurizing an interior portion of the tubular member defined between 
the shoe and the expansion device to radially expand and plastically deform the tubular 
member. 

Preferably, the system further comprises: 

means for coupling a shoe to an end of the tubular member; 

means for positioning the expansion device within the tubular member; 

and 

means for removing the shoe from the interior of the tubular member using the 
expansion device. 

Preferably, the system further comprises means for removing the shoe from the 
-nterior of the tubular member by lifting the shoe using the expansion device. 

Preferably, the tubular member comprises a wellbore casing, a pipeline, or a 
structural support. 



Brief Description of the Drawings 
Fig. 1 is a fragmentary cross-sectional illustration of an embodiment of a liner 
hanger positioned within a wellbore including a preexisting section of wellbore casing. 
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Fig. 2 is a fragmentary cross-sectional illustration of the injection of a fluidic 

material into the apparatus of Fig. 2. 

Fig. 3 is a fragmentary cross-sectional illustration of the placement of a ball into 
the valveable passage of the tubular shoe of the apparatus of Fig. 2. 

Fig. 4 is a fragmentary cross-sectional illustration of the continued injection of the 
fluidic material into the apparatus of Fig. 3 in order to burst the burst discs. 

Fig 5 is a fragmentary cross-sectional illustration of the continued injection of the 
fluidic material into the apparatus of Fig. 4 in order to plastically deform and radially 
expand the expandable tubular member. 

Fig 6 is a fragmentary cross-sectional illustration of the completion of the radial 
expansion and plastic deformation of the expandable tubular member of the apparatus 
of Fig. 5. 

Detailed Description of the Illustrative Embodiments 
An apparatus and method for plastically deforming a tubular liner within a 
wellbore within a subterranean formation is provided. The apparatus and method 
thereby provides a system for coupling a radially expandable tubular liner to an open 
hole or cased section of a wellbore within a subterranean formation. Furthermore, n 
this manner, a wellbore casing, a pipeline, or a structural support may be formed or 
repaired using the present illustrative embodiments. 

Referring initially to Fig. 1 , an embodiment of an apparatus 100 for radially 
expanding and plastically deforming a tubular liner includes a tubular support member 
105 that defines a passage 105a that is coupled to a tubular expansion cone 110 that 
defines a passage 110a and includes a recess 110b for mating with and receiving the 
tubular support member 105, a recess 1 10c. and an internal flange 1 10d. The tubular 
expansion cone 1 10 further includes a first section 1 10e having a substantially 
cylindrical outer surface, a second section 1 1 0f having a substantially tapered conical 
outer surface, and a third section 1 10g having a substantially cylindrical outer surface. 
In an exemplary embodiment, the outside diameter of the first section 1 1 0e is greater 
than the outside diameter of the third section 1 10g. In an exemplary embodiment, the 
30 recess 1 10b includes internal threads and the end of the tubular support member 105 
that is received within the recess 1 10b includes external threads for engaging the 
internal threads. 

An end of a tubular shoe 115 mates with and is movably received within the 
recess 1 1 0c of the tubular expansion cone 1 1 0 that defines a passage 1 1 5a and a 
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valveable passage 1 15b and includes an external flange 1 15c t and an external flange 
1 1 5d including a recessed portion 1 1 5da. The tubular shoe 1 1 5 further includes radial 
passages 1 15e and 1 15f for receiving corresponding burst discs, 1 15ea and 1 15fa. An 
end of a tubular support member 120 that defines a passage 120a mates with and is 
movably received within the recess 1 1 5da of the externa! flange 1 1 5d of the tubular 
shoe 115 and includes an external flange 120b having a substantially conical outer 
surface. 

An end of an expandable tubular member 125 mates with and is coupled to the 
tubular support member 120 that defines a passage 125a for receiving the tubular 
support member 105, the tubular expansion cone 110, and the tubular shoe 115. In an 
exemplary embodiment, the end of the expandable tubular member 125 is coupled to 
the tubular support member 120 by a conventional threaded connection. In an 
exemplary embodiment, the expandable tubular member 125 includes a first section 
125b having a substantially cylindrical outer surface, a second section 125c having a 
substantially conical outer surface, and a third section 125d having a substantially 
cylindrical outer surface. In an exemplary embodiment, the outside diameter of the first 
section 125b is greater than the outside diameter of the third section 125d. a plurality of 
tubular sealing members, 130a, 130b, and 130c, are coupled to the external surface of 
the first section 125b of the expandable tubular member 125. 

An end of a tubular member 140 that defines a passage 140a is coupled to an 
end of the tubular support member 120. In an exemplary embodiment, the connection 
between the tubular member 140 and the tubular support member 120 is a 
conventional threaded connection. 

In an exemplary embodiment, as illustrated in Fig. 1, the apparatus 100 may be 
positioned within a wellbore 200 within a subterranean formation 205 that includes a 
preexisting section of wellbore casing 210. The wellbore 200 may be vertical, 
horizontal, or an intermediate orientation. 

As illustrated in Fig. 2, a fluidic material 215 may then be injected into the 
apparatus 100 through the passages 105a, 1 10a, 1 15a, 115b, and 140a in order to 
ensure the proper operation of the passages. In an alternative embodiment, before or 
after the injection of the fluidic material 215, a hardenable fluidic sealing material such 
as, for example, cement, may be injected into the apparatus 100, through the passages 
105a, 110a, 115a, 115b, and 140a, in order to form an annular body of a fluidic sealing 
material between the tubular member 125 and the wellbore 200. 



As illustrated in Fig. 3, a ball 220 may then be placed into the valveable passage 
1 1 5b of the tubular shoe 1 1 5 by introducing the ball into the injected fluidic material 
215. In this manner, the valveable passage 1 15b of the tubular shoe 115 may be 
sealed off thereby permitting the passage 1 15a to be pressurized by the continued 
injection of the fluidic material 21 5. 

As illustrated in Fig. 4, the continued injection of the fluidic material 215 will burst 
the burst discs 1 15ea and 1 1 5fa thereby permitting the injected fluidic material to pass 
through the radial passages 1 1 5e and 1 1 5f into the annular region between the tubular 
shoe 1 1 5 and the expandable tubular member 125 below the tubular expansion cone 
110 above the external flange 1 15d of the tubular shoe. 

As illustrated in Fig. 5, the continued injection of the fluidic material 215 will 
continue to pressurize the annular region, between the tubular shoe 1 15 and the 
expandable tubular member 125 below the tubular expansion cone 110 above the 
external flange 1 15d of the tubular shoe, and thereby extrude the expandable tubular 
member 1 25 off of the tubular expansion cone 1 1 0 by plastically deforming and radially 
expanding the expandable tubular member. 

During the continued radial expansion of the expandable tubular member 125, 
the tubular support member 105 and the tubular expansion cone 110 may be raised out 
of the wellbore 200. Because the tubular expansion cone 110 and the tubular shoe 
1 15 are movably coupled, the axial displacement of the tubular expansion cone 110 
during the radial expansion of the tubular member 125 does not displace the tubular 
shoe in the axial direction. In an exemplary embodiment, during the radial expansion 
and plastic deformation of the expandable tubular member 125, the tubular shoe 120 is 
supported by the tubular support member 120 in the axial direction. 

In an exemplary embodiment, the radial expansion of the expandable tubular 
member 125 further causes the sealing members, 130a, 130b, and 130c, to engage 
the preexisting wellbore casing 210. In this manner, the radially expanded tubular 
member 125, the tubular support member 120, and the tubular member 140 are 
coupled to the preexisting wellbore casing. Furthermore, in this manner, a fluidic seal 
is provided between the radially expanded tubular member 125 and the preexisting 
wellbore casing 210. 

As illustrated in Fig. 6, once the radial expansion of the expandable tubular 
member 125 has been completed, the tubular support member 105, the tubular 
expansion cone 110, and the tubular shoe 1 15 are removed from the wellbore 200. In 
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particular, the external flange 1 15c of the tubular shoe 1 15 engages the internal flange 
1 10d of the tubular expansion cone 110 thereby permitting the tubular shoe to be 
removed from the wellbore 200. 

In a preferred embodiment, the apparatus 100 t and method of operating the 
5 apparatus, is provided substantially as disclosed in one or more of the following: (1) 
U.S. patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 
12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, 
attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial 
10 no. 09/440,338, attorney docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 25791.11.02, filed on 3/10/2000, 
(6) U.S. patent application serial no. 09/512,895, attorney docket no. 25791.12.02, filed 
on 2/24/2000, (7) U.S. patent application serial no. 09/511,941, attorney docket no. 
25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, 
t . , .15 attorney docket no. 25791 .17.02, filed on 6/7/2000, (9) U.S. patent application serial 
no. 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent 
application serial no. PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 
7/9/2000, (1 1 ) U.S. provisional patent application serial no. 60/162,671 , attorney docket 
! ! no. 25791.27, filed on 11/1/1999, (12) U.S. provisional patent application serial no. 

20 60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional 
, i , patent application serial no. 60/159,082, attorney docket no. 25791.34, filed on 

10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 
docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application serial 
no. 60/159,033, attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. 
25 provisional patent application serial no. 60/212,359, attorney docket no. 25791 .38, filed 
on 6/19/2000, (17) U.S. provisional patent application serial no. 60/165,228, attorney 
docket no. 25791.39, filed on 11/12/1999, (18) U.S. provisional patent application serial 
no. 60/221,443, attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional 
patent application serial no. 60/221,645, attorney docket no. 25791.46, filed on 
30 7/28/2000, (20) U.S. provisional patent application serial no. 60/233,638, attorney 

docket no. 25791.47, filed on 9/18/2000, (21) U.S. provisional patent application serial 
no. 60/237,334, attorney docket no. 25791.48, filed on 10/2/2000, (22) U.S. provisional 
patent application serial no. 60/270.007, attorney docket no. 25791.50, filed on 
2/20/2001; (23) U.S. provisional patent application serial no. 60/262,434, attorney 
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docket no. 25791.51, filed on 1/17/2001; (24) U.S. provisional patent application serial 
no. 60/259,486, attorney docket no. 25791.52, filed on 1/3/2001; and (25) U.S. 
provisional patent application serial no. 60/303.71 1 . attorney docket no. 25791 .44. filed 
on 7/6/01. 

It is understood that variations may be made in the foregoing without departing 
from the scope of the invention. For example, the apparatus 100 may be used to form 
and/or repair, for example, a wellbore casing, a pipeline, or a structural support. 
Furthermore, the burst discs 1 15ea and 115fa may be replaced with conventional 

pressure relief valves. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated in 
the foregoing disclosure. Accordingly, it is appropriate that the appended claims be 
construed broadly. 
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1 . A method of coupling a radially expandable tubular member to a preexisting 
structure, comprising: 

positioning the tubular member within the preexisting structure; 
injecting fluidic materials into the tubular member; 
5 sensing the operating pressure of the fluidic materials; 

radially expanding and plastically deforming the tubular member into contact with 
the preexisting structure when the sensed operating pressure exceeds a 
predetermined amount; and 

radially expanding and plastically deforming the tubular member using an 
10 expansion device when the sensed operating pressure exceeds the predetermined 
amount. 

2. The method of claim 1 , wherein the expansion device comprises a tubular 
expansion cone. 

15 

3 The method of claim 1 , wherein sensing the operating pressure includes 
sensing the operating pressure of the fluidic materials within the tubular member. 

« 

4. The method of claim 1 , wherein radially expanding and plastically deforming the 
20 tubular member using the expansion device when the sensed operating pressure 

exceeds the predetermined amount comprises: 
| radially expanding and plastically deforming the tubular member by displacing the 

expansion device in the longitudinal direction relative to the tubular member when the 
sensed operating pressure exceeds the predetermined amount. 

25 

5. The method of claim 1 , further comprising movably coupling a tubular shoe to the 
expansion device. 

6. The method of claim 5, further comprising removing the tubular shoe from the 
30 preexisting structure. 

7. The method of claim 6, further comprising removing the tubular shoe from the 
preexisting structure by lifting the tubular shoe using the tubular expansion cone. 
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8 The method of claim 1 . further comprising: 

coupling a shoe to ah end of the tubular member. 

positioning the expansion device within the tubular member; and 

Loving 1. shoe from me interior of the tubular member us,ng .he expansron 

g The method of claim!, further comprising: 

coupling a shoe to an end of the tubular member; 
positioning an expansion device within .he tubular member; and 
.moving the shoe from ,he interior o, the tubular member usrng the expanse 



device. 
10 
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, 0 The method of ctaim 8 or .. further comprising removing the shoe from the 
interior of .he tubular member by lifting .he shoe using the expansion dev,ce. 

, , The method of any one of the preceding Calms, wherein the .ubular member 
comprises a wellbore casing, a pipeline, or a statural support. 

' 12 . A system tor coupl*g a radially expandable .ubular member* a preexist^ 

means for injecting fluidic materials into Ore tubular member; 
means for sensing the operating pressure of the fluidic matenals; 
Ta Inv expanding *e fubular member ,n.o con.ac, wi,h .he preexisting 
tJZZl .be sensed operating pressure exceeds a predetermined amount; anri 
means for radially expanding and plastically defooriing .he .abater member usrng 
means, ° y v ,. „ MlirP pvceeds the predetermined 

an expansion device when the sensed operat.ng pressure exceeds p 

amount. 
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13. The system of claim 12 further comprising: 

a tubular support member including a first passage; 
wherein the expansion device comprises: 

a tubular expansion cone coupled to the tubular support member defining a 
5 second passage and including an internal flange; 

wherein the means for radially expanding and plastically deforming the tubular 
member using an expansion device when the sensed operating pressure exceeds the 
predetermined amount comprises: 

a tubular shoe movably received within the second passage of the tubular 
10 expansion cone defining one or more radial passages and a valveable passage fluidicly 
coupled to the first passage and including an external flange for engaging the internal 
flange; and 

one or more pressure relief valves positioned in corresponding ones of the radial 
passages; and 

♦15 wherein an expandable tubular member is movably coupled to the tubular 

expansion cone. 

• 

14. The system of claim 12 wherein the expansion device comprises a tubular 
expansion cone. 

20 

• 15. The system of claim 12, wherein the means for sensing the operating pressure 
includes means for sensing the operating pressure of the fluidic materials within the 

• tubular member. 

25 16. The system of claim 12, wherein the means for radially expanding and plastically 
deforming the tubular member using an expansion device when the sensed operating 
pressure exceeds the predetermined amount comprises: 

means for radially expanding and plastically deforming the tubular member by 
displacing the expansion device in the longitudinal direction relative to the tubular 

30 member when the sensed operating pressure exceeds the predetermined amount. 

17. The system of claim 1 2, further comprising: 

a support member to which the expansion device is movably coupled 
wherein the expansion device comprises: 
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m ember using mansion de«e when .he sensed 

predetermined amount comprises: expansion surfaces; and 

oneorn^ptessurese^e^^^^^ 

wherein the one or more pressure sens g ptessure 
ois p,ac*men< o, the expansion surfaces as a funCon « 
within me expandable tubular member. 

shoe to the expansion device. 

Thesystem of Cairn 12, further comprising: ^ tubu|ar 

an end o, a .apered Urbuiar member coupled to an end 
^^ndotano.ertubularmembercoupledtoanotherendotthetaperedtubu.r 

member; 

20 a tubular support member; expansion cone; 

serein the expansion devica comprises a tub arexp ^ ^ ^ 

herein an end o. .he tubular expanse cone » ,* ^ 

enTot .be .ubular expansion cone ccmpdses an ^ ^ 

more radial passages supported by the end o 
passages- 

20. The system of claim 12. further comprising: 
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means for coupfing a shoe to an end of ihe tubular member 

means for positioning the expansion device within toe fubular member and 

member. 

ia y expand and plastically deform the tubular 



21. The system of claim 12, further comprising- 

means for coupling a shoe to an end of the tubutar member 
^ d means for positioning the expansion device within the tubular member; 

means for removing the shoe from the interior of the tubular mpmh • 
expansion device. member using the 

22 m ?/T mO,anyOneO ' da,mS,3 ' 20 " 2 ^^rco mpr isino. 
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